Abstract: Characterizing asset price volatility is an important goal for financial economists. The literature has shown that variables that proxy for the information arrival process can help explain and/or forecast volatility. Unfortunately, however, obtaining good measures of volume and/or order flow is expensive or difficult in decentralized markets such as foreign exchange. We investigate the extent that Japanese capital flows-which are released weekly-reflect information arrival that improves foreign exchange and equity volatility forecasts. We find that capital flows can help explain transitory shocks to GARCH volatility.
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I. Introduction
Characterizing asset price volatility is an important goal for financial economists because of volatility's role in option pricing and risk management. For example, asset holders dislike volatile asset prices because they are risk averse; loss of wealth puts their planned consumption at risk. Similarly, excessive losses put traders' jobs at risk so they must quantify and restrict the volatility of their positions. Understanding and estimating asset price volatility is therefore important for asset pricing, portfolio allocation, and risk management. Therefore, a large literature has sought to characterize patterns in conditional variance.
Asset prices should equal the present discounted value of expected future fundamentals.
In the case of exchange rates for example, those fundamentals include output and money supplies. Volatility should be proportional to changes in these expectations of future discounted fundamentals. News that changes expectations about discount rates or fundamentals should create changes in asset prices. Because news is persistent -and perhaps because sensitivity to news is persistent -asset price volatility tends to be persistent. Engle's (1982) autoregressive conditionally heteroskedastic (ARCH) model that characterized the serial correlation in volatility sparked the modern literature on volatility estimation. Bollerslev (1986) extended the ARCH class to the generalized autoregressive conditionally heteroskedastic (GARCH) model. Foreign exchange volatility is particularly important because of the size and depth of foreign exchange markets and the intimate connection with international trade in goods, services and assets. Bollerslev (1989, 1991) have used GARCH models to characterize U.S. dollar foreign exchange volatility and Neely (1999) likewise characterized the volatility in the target zones of the European Monetary System.
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The literature that specifically attempts to forecast-as opposed to characterize insample-asset price volatility is more modest in size. West and Cho (1995) argued that GARCH models do not actually forecast very well by conventional standards, though they do outperform homoskedastic models at short horizons. Andersen and Bollerslev (1998) countered this sort of reasoning by stating that such forecast evaluation techniques were inappropriate. Specifically, they argue that GARCH models forecast noisy daily measures of volatility about as well as one would expect. West, Edison and Cho (1993) report that GARCH specifications outperform alternative volatility forecast methods when assessed from a utility framework in which underestimating future volatility generates greater disutility than overestimating. Zou, Rose and
Massey (2007) exploit a different kind of asymmetry, namely that bad news effects volatility more than good news, and find that a threshold ARCH(1,1) in mean model improves volatility forecasting in the Australian 3-year Treasury bond futures market. More generally, Andersen, Bollerslev and Diebold (2007) document volatility forecasting gains from removing jumps from high frequency volatility measures.
In addition to characterizing serial correlation in volatility, the volatility literature has documented the links between quantity measures-such as volume and order flow-and asset price volatility. Lamoureux and Lastrapes (1990) , Carlson and Lo, 2006 , Love and Payne, 2008 , and Rime, Sarno and Sojli, 2010 , or Electronic Brokerage Services (Berger, Chaboud, and Hjalmarsson, 2009) . Others have used proprietary datasets from commercial banks (Savaser, 2006, and Frömmel, Mende, and Menkhoff, 2008) .
The amount of information transmitted -and therefore the volatility induced-depends on the type of order flow. Financial customers are thought to have better information on asset prices from their own trading and research, whereas commercial firms are considered to be price takers that trade to import or export goods. Frömmel, Mende, and Menkhoff (2008) find that only order flow from banks and financial customers (i.e., informed order flow) is linked to higher foreign exchange volatility. Order flows are difficult to work with and expensive to get. An alternative is to use capital flows, which are the international purchases or sales of assets. Fortunately, the Japanese Ministry of Finance publishes weekly capital flow data, which is broken down by Japanese and non-Japanese investors for money markets, bonds and equities. there has been almost no study of the relationship between capital flows and forex volatility.
Aside from the inclusion of capital flows in the announcement study of Evans and Speight (2010) , there has been essentially no study of the relation between capital flows and foreign exchange volatility. This paper extends the literature on quantity measures and volatility by examining the relation between financial market volatility and capital flows. Capital flows and volatility have a strong contemporaneous correlation in JPY data. In addition, capital flows have similar, often stronger, effects on Nikkei volatility. These relations do not persist after the addition of BIS turnover data to the empirical model, however. But in the absence of such turnover data, capital flow data can improve GARCH volatility estimates.
We wish to explicitly recognize and emphasize to the reader that both capital flows and volatility are endogenous, meaning that we do not ascribe a structural relation to our reduced form results. We think, however, that a good characterization of the data can be a useful component of the structural relations.
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The remainder of the paper proceeds as follows: Section II presents the data. Sections III and IV present results on the ability of capital flows to explain realized and GARCH volatility in Japanese assets, respectively. Section V concludes.
II. The Data
The Japanese Ministry of Finance publically publishes data on "International
Transactions in Securities"-capital flows-on the Thursday following the reporting week. 3 The capital flows classify transactions by residence of transactors, type of security (equity securities, bonds and notes, or money market instruments), and whether they are sales or purchases. In total, this sums to 12 different types of capital flows (2 classes of investors, 3 types of securities, 2 types of transactions). These data are the preliminary version of the portfolio investment statistics included in the Balance of Payments reports, and are available beginning in 2005. 4 We consider the effect of all 6 types of capital flows, after summing over sales and purchases to obtain gross capital flows for each class of investor and security type. i.e.,
, is the gross transactions by type of investor inv, in security s, during week t, and the summation index, i, goes over purchases and sales. The sales and purchases of a given type of security by a given class of investors tend to be very highly correlated. For example, when Japanese investors buy a lot of foreign bonds, they also sell a lot of foreign bonds. The correlation is especially true for non-residents transacting in Japanese equity.
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The three panels of Figure 1 show the gross capital flows in equity, bonds and the money market. The graphs appear to show that the capital flows are basically stationary, with a couple of exceptions. First, there appears to be a rise in non-Japanese investment in the Japanese money market in late 2007, just after the start of the financial crisis in the summer of 2007. Second, nonJapanese investment in Japanese equity surged in late 2005 and remained high until late 2008.
The graphs also appear to show an end-of-year periodic effect, which also appears in the weekly realized volatility and JPY/USD turnover (see Figures 2 and 3 ).
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The gross international transactions of non-Japanese investors swamp those of Japanese investors in both equity and money markets. But the magnitudes of the transactions of the two types of investors are comparable in bond markets. The Ministry of Finance provides monthly, disaggregated capital flow data that shows that European investors are the main source of foreign demand for Japanese bonds, while Japanese investors primarily sell and purchase U.S. bonds.
Disk Trading supplies 5-minute exchange rate data (yen per dollar and yen per euro) from 1/1/2005-3/12/2010. We obtain 5-minute price data for the Nikkei 225 index over the same sample from TickWrite. For all series, we compute weekly realized volatility as the square root of the annualized sum of squared returns during each week (Andersen and Bollerslev (1998) ).
,
where , is the log 5-minute return j during week t. in turnover is apparent, as is a tendency for turnover to be correlated with realized volatility.
III.
The relation between capital flows and realized volatility 8 persistence in two capital flow series: non-resident investment in Japanese equity (J_EQ) and non-resident investment in Japanese money markets (J_MM). In addition, the realized volatility series display at least first-order autocorrelation. Table 2 shows the correlation between current and lagged volatility, current and lagged capital flows and current and lagged turnover for all three assets. Realized volatility is highly These summary statistics suggest that turnover and/or some types of capital flows might explain and even possibly predict realized volatility. Our goal is to extend the literature on quantities and volatility by studying the contemporaneous and forecasting relation between weekly measures of international capital flows and volatility in the JPY and Nikkei markets. We consider two methods to study this question: linear regression and the use of GARCH and CGARCH models with capital flows and turnover as exogenous explanatory variables.
The general regression of realized volatility measures on lagged volatility and quantity measures can be written as follows:
where the set i includes both types of investors (resident, non-resident) and the set S includes all types of securities (equity, bond, money-market). is an indicator that takes value 1 if the week t includes Christmas, and is an indicator that takes value 1 if the week t includes the turn of the year. We include contemporaneous and one lagged value of both the regressand (realized volatility (RV)), and the regressors (turnover (T) and capital flows (k)) to account for serial correlation in the data. We choose to permit a subsample break after 2007:06 because that is the last full month before the financial crisis began to seriously affect financial markets.
As one would expect from previous volatility forecasting studies, the regressions in Tables 3, 4 and 5 strongly explain current weekly volatility in all specifications for all assets. R 2 s range from just under 0.40 in the first subsample when only including lagged volatility to around 0.80 when the full regression is run over the whole sample. The partial R 2 s reveal, however, that almost all of this predictability comes from the lagged realized volatility.
In all regressions on the JPY/USD and the majority on the Nikkei, the coefficient on lagged turnover enters with a negative sign due to the strong correlation between turnover and lagged volatility. The Christmas indicator is negative and significant over the whole sample and 10 the second subsample when lagged RV is the only other regressor. It is not significant in most specifications, however.
Likewise, many of the capital flow variables enter with negative signs due to their correlation with each other or with turnover. In particular, the lagged values of the capital flow variables are almost all negative or close to zero. Transactions in equity-both Japanese (J_EQ) and foreign (F_EQ)-produce negative coefficients for JPY/USD volatility that are significant across both the full sample and the subsamples when turnover is included. The coefficients on capital flows into Japanese equity (J_EQ), however, are positive and significant when Nikkei volatility is the dependent variable. This finding accords with the expectation that increased foreign activity in the Nikkei would engender higher volatility.
The only significantly positive coefficient for the full sample for all three assets is contemporaneous Japanese transactions in foreign bonds (F_BND), which is also significant for the second subsample and marginally significant for the first subsample for each asset. Japanese transactions in foreign bonds appear to have significant explanatory power for weekly JPY/USD volatility. To determine whether the relation is specific to a subsample, we test for structural breaks in the coefficients at June/July 2007. Table 6 Tables 3 and 5 support this conclusion. For example, the full sample R 2 for the JPY/USD in Table 3 is 70.3 without the capital flows but rises to 76.3 with the capital flows.
IV. The relation between capital flows and GARCH volatility
There are two interesting reasons, one practical and one theoretical, for asking whether capital flows can add explanatory power to a GARCH model of asset price volatility. First, academics and financial practitioners commonly use GARCH to model and forecast asset price volatility. Could capital flow data improve volatility modeling and forecasting? The second motivation is to investigate the extent that capital flows may proxy for the underlying information arrival process driving asset return volatility.
Lamoureux and Lastrapes (1990) conjecture that a persistent information arrival process explains the characteristics of asset price volatility. They describe the volatility process as following a mixture of distributions model, in which the stochastic rate of information arrival is the mixing variable. They test this hypothesis by including volume in the conditional variance equation of the GARCH process for 20 individual US stocks. In line with their prediction, they find that this proxy for information arrival dramatically reduces the residual persistence captured by the GARCH parameters. 9 Lamoureux and Lastrapes (1990) interpret this result as supporting the claim that the true driver of persistence in volatility is persistence in information flows, but that when measures of information arrival are hard to obtain, as they commonly are in foreign exchange markets, a GARCH model captures the salient features of the volatility process.
Melvin and Yin (2000), on the other hand, use information arrival (headline counts from Reuters Money Market Headline News) to explain heightened periods of volatility, rather than its persistence. They include information flow in the conditional mean equation of the GARCH process instead of the conditional variance equation, permitting news arrival to explain contemporaneous volatility shocks without directly entering the conditional variance process.
Melvin and Yin (2000) determine that increased public information flows generate increased volatility and quoting activity, interpreting this as evidence that foreign exchange markets are efficient processors of new information, and not in need of regulation to minimize alleged selfchurning.
In the spirit of both Lamoureux and Lastrapes (1990) and Melvin and Yin (2000), we use GARCH models to sequentially investigate the extent that capital flows, and turnover, can explain transitory and/or persistent volatility in each of our asset price series. The results suggest 9 Their specification was subject to endogeneity issues, and later research showed far weaker conclusions after addressing this endogeneity.
13 that foreign exchange rate volatility often responds contemporaneously to the information shocks driving capital flows, but that these effects are usually not persistent.
Our analysis considers two baseline specifications of the GARCH process for each asset. The first specification is the GARCH(1,1) model (Bollerslev, 1986) . The CGARCH model is helpful in that it permits a slow rate of mean reversion-very persistent deviations from the mean level of unconditional volatility-that the volatility data in Figure 2 appear to exhibit. To test for the preferred specification, we will exploit the fact that the GARCH model is nested within the CGARCH model if .
Because we are interested in testing for capital flows' impact on asset volatility, including the persistence of that impact, we extend the GARCH(1,1) and CGARCH models to include capital flows/turnover in the conditional variance equations, subject to two sets of parameters, It would be useful to explain the effect of the parameter on the degree of persistence in the GARCH and CGARCH models. In the unrestricted GARCH model, the effect on of a one standard deviation shock to capital flows, , is θ 1 . In period t+1, this shock will propagate to through the size of the squared error and through the effect on lagged volatility.
where is the conditional variance that would have existed in the absence of any capital flow shock. The expected change to the squared error term is
Using (6) in (3a), a one unit shock to capital flows at time t produces the following change in conditional variance at time t+1
When is restricted to equal , the capital flow shocks are purely transitory, they do not persist into the future; when is freely estimated, a small value will make the effect of capital flow shocks persist. In the CGARCH model, the dynamics are a bit more complex because a temporary shock to capital can also affect the long-run component, but the general idea is the same: The amount of persistence depends negatively on the value of .
The parameter identifies the immediate effect of capital flows/turnover on the conditional variance process because it allows them to directly affect the conditional variance term, which mean-reverts geometrically. In contrast, and can allow capital flows to have a more persistent effect on volatility by affecting the slowly mean-reverting component. In our analysis, we consider the unrestricted model with and as free parameters and the restriction that and that imposes a purely transitory effect on capital flows. Capital flows mostly affect conditional volatility contemporaneously if .
Alternatively, if , the impact of capital flows on the conditional variance process decays at the same rate as the other conditional variance components, and we are left with the empirical specification of Lamoureux and Lastrapes (1990).
We estimate the GARCH and CGARCH specifications above with weekly return and capital flow/turnover data. The weekly returns are computed from the same price series used to compute realized volatility, but measured at a daily frequency.
The nested nature of the GARCH equations in (2a)-(2b) and (3a)-(3b) allows us to select models sequentially, testing down from general to specific forms: First, we test whether we can reject the GARCH(1,1) model in favor of the less restrictive CGARCH. Second, we examine whether including transitory capital flows and or turnover in the volatility equation improves the model fit ( 0). Finally, we investigate whether the model fit further improves when capital flows are permitted to influence the persistent volatility process ( 0, ). Table 7 shows results from the first stage estimation. The data cannot reject the restriction to a GARCH process for foreign exchange returns but do reject this restricted model in favor of the more profligate CGARCH process for the Nikkei returns.
Given these preferred (C)GARCH specifications, we next investigate whether or not transitory capital flows add explanatory power. The left panel of Table 8 presents the result of estimating the preferred GARCH model for each asset with capital flows restricted to only impact current period volatility, i.e., we estimate equations (3a) and (3b) (column 1, rows "theta" and "theta1(h)"). The finding that Japanese transactions in foreign bonds (J_BND) significantly raises transient volatility in all three markets confirms the conclusion of 12 To conserve space, we report results exclusively for the preferred GARCH specification for each asset, i.e. the GARCH(1,1) model for foreign exchange returns and the CGARCH model for equity returns. CGARCH results with foreign exchange returns and GARCH results with equity returns are available upon request. The inference on capital flows does not depend critically on the type of GARCH model used.
the previous section that these flows in particular are most robustly associated with volatility.
Additionally, we find that non-Japanese purchases of Japanese equity (J_EQ) help explain temporarily high volatility in the JPY/USD and the Nikkei. Market turnover also generates a statistically significant effect in these markets. Japanese transactions in foreign money-markets (F_MM) is the only capital flow that has no significant effect in any of the three markets.
Foreign activity in Japanese money-markets (J_MM) has the largest impact on contemporaneous JPY/USD and Nikkei volatility, while, Japanese activity in foreign bonds (F_BND) registers the largest impact on JPY/EUR volatility. Figure 1 shows that foreign activity in Japanese markets (J_EQ and J_MM) is much larger than similar Japanese activity in foreign markets (F_EQ and F_MM) . This fact could explain why J_EQ and J_MM better explain volatility than do F_EQ and F_MM.
In summary, international flows to and from the Japanese money market and to and from foreign bond markets are associated with transitory changes in exchange rate volatility. Flows to and from Japanese equity markets are strongly associated with transitory changes in JPY/USD volatility. Similarly a variety of flows are associated with transitory changes in Nikkei volatility, including foreign flows to/from all three types of Japanese instruments and Japanese flows to/from foreign bond markets.
Next, we freely estimate and and ask whether or not the information process proxied by capital flows explains the persistent component of volatility. Specifically, we ask whether we should reject our model of primarily transitory effects in favor of a model with more persistent effects. The right panel of Table 8 shows results from estimating the preferred GARCH specifications with and freely estimated. however, the magnitude of the residual persistence captured by the GARCH parameters ( ) remains greater than 0.95 in these cases. While these capital flows have persistent effects, they are not the primary driver of volatility persistence. Curiously, all of these persistent shocks pertain to Japanese transactions in foreign asset markets affecting exchange rate volatility.
Overall, these results suggest that the level of information flows, as proxied by capital flows, are associated with exchange rate volatility, consistent with the results of Melvin and Yin 14 We report as a fraction of in Table 8 for ease of interpretation. 15 The finding that Japanese transactions in foreign money-markets (F_MM) have a statistically significant effect on the persistent JPY/USD volatility process is particularly interesting because we were able to uniformly reject the hypothesis of a transitory effect for all three assets. That said, the estimated effect is very small -is only 0.04. (2000) . This supports their claim that foreign exchange markets are responding to information to adjust prices and quantities to achieve efficient allocations. On the other hand, however, capital flows do not appear to account for the persistent nature of volatility. The row labeled "p-value:
H2" in Panel B of Table1 shows that the data usually fail to reject the null that capital flows have only transitory effects; even when we reject the null of no persistence, the inclusion of capital flows does not substantially attenuate the residual persistence measured by .
Our finding that capital flows cannot fully account for volatility persistence closely observe that their measure of information arrival, integrated squared order flow, simply lacks enough persistence to explain the highly persistent (fractionally integrated) volatility process. In contrast, their measure of market sensitivity shows a high degree of persistence. Likewise, in our study, our (C)GARCH models estimate high persistence for volatility-pseudo long-memory for the CGARCH model-but the capital flow measures appear to be subject to breaks that do not have counterparts in the volatility data. Our results add further evidence that, while important, volume alone cannot fully explain volatility persistence.
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V. Conclusion
We investigate whether international capital flows in and out of Japanese markets help explain patterns in JYP/USD, EUR/USD and Nikkei volatility. Our analysis is explicitly reduced form, we are very cautious about structural interpretations without further study. Understanding whether or not capital flows are correlated with asset price volatility is important, because presumably the two should be driven by related information processes. The correlations of different types of capital flows with asset price volatility lend insight into the type of news that is important for exchange rate determination.
A variety of capital flows contemporaneously affect volatility in all three Japanese asset markets. Perhaps not surprisingly, the most consistently influential capital flows-foreign flows to Japanese money markets (J_MM), equity markets (J_EQ) and Japanese flows to foreign bond markets (F_BND)-also tend to be the largest flows (Figure 1 ). Japanese flows to foreign bond markets (F_BND) are the only type of capital flow that produces both transitory and persistent effects in both foreign exchange markets. Turnover also consistently explained JPY/USD and Nikkei volatility, but its effects were not persistent. The Nikkei was sensitive to the broadest variety of capital flows, even after accounting for the greater average Nikkei volatility. Foreign transactions in Japanese money markets (J_MM) had the greatest effect on the Nikkei.
Using GARCH and CGARCH models, we investigated the persistence of these capital flow shocks on volatility, finding that such effects on asset volatility are primarily transitory. The data usually reject specifications that allow capital flow shocks to persist strongly for multiple periods. Although most capital flows did not have persistent effects on asset volatility, all of these persistent shocks pertain to Japanese transactions in foreign asset money markets affecting exchange rate volatility. Why do Japanese transactions produce more persistent effects than (KFlows), turnover and the periodic indicators for the week of Christmas and the week of the turn of the year. USD, EUR and Nikkei refer to variables measured on the JPY/USD, JPY/EUR, and Nikkei 225, respectively. Capital flows are labeled using the asset being bought or sold by international investors, e.g., F_EQ refers to gross transactions by Japanese investors in foreign equity and J_EQ refers to gross transactions by nonJapanese investors in Japanese equity. Bonds and Money-Market are abbreviated as BND and MM, respectively. Table 3 : Regression of JPY/USD realized volatility on lagged realized volatility, turnover and capital flows Notes: The table displays the coefficient estimates and t statistics from a regression of JPY/USD realized volatility on lagged realized volatility and capital flows (equation 1). Columns 1-4 show the results for the full sample, columns 5-8 the results on the first half of the subsample, and columns 9-12 the results on the second half of the subsample. T-stats are reported in parenthesis below the coefficients. Full R 2 s and partial R 2 s for the grouped regressors (lagged volatility, turnover, capital flows, and seasonality indicators) are presented at the bottom of the tables, along with the number of weeks used. Significant positive (negative) coefficients on capital flows are highlighted in green (red). Capital flows are labeled using the asset being bought or sold by international investors, e.g., F_EQ refers to gross transactions by Japanese investors in foreign equity and J_EQ refers to gross transactions by non-Japanese investors in Japanese equity. Bonds and Money-Market are abbreviated as BND and MM, respectively. . Columns 1-2 show the results for the full sample, columns 3-4 the results on the first half of the subsample, and columns 5-6 the results on the second half of the subsample. T-stats are reported in parenthesis below the coefficients. Full R 2 s and partial R 2 s for the grouped regressors (lagged volatility, turnover, capital flows, and seasonality indicators) are presented at the bottom of the tables, along with the number of weeks used. Significant positive (negative) coefficients on capital flows are highlighted in green (red). Capital flows are labeled using the asset being bought or sold by international investors, e.g., F_EQ refers to gross transactions by Japanese investors in foreign equity and J_EQ refers to gross transactions by non-Japanese investors in Japanese equity. Bonds and Money-Market are abbreviated as BND and MM, respectively. show the results for the full sample, columns 5-8 the results on the first half of the subsample, and columns 9-12 the results on the second half of the subsample. T-stats are reported in parenthesis below the coefficients. Full R 2 s and partial R 2 s for the grouped regressors (lagged volatility, turnover, capital flows, and seasonality indicators) are presented at the bottom of the tables, along with the number of weeks used. Significant positive (negative) coefficients on capital flows are highlighted in green (red). Capital flows are labeled using the asset being bought or sold by international investors, e.g., F_EQ refers to gross transactions by Japanese investors in foreign equity and J_EQ refers to gross transactions by non-Japanese investors in Japanese equity. Bonds and Money-Market are abbreviated as BND and MM, respectively. Notes: The left panel shows results when the preferred GARCH model is estimated with the restrictions that , and, in the case of equation 3b, (equation 3a for the JPY/USD and JPY/EUR, equation 3b for the Nikkei). The right panel shows the analogous results when and are free parameters to be estimated. Green shaded cells indicate statistical significance of the coefficient on capital flows. The rows labeled "p-value: H1" and "p-value: H2" display the pvalues for tests of the following nulls: H1) capital flows do not improve the fit of the GARCH model; H2) free estimation of and do not improve the fit of the model over the null of and . Small p-values reject the null of the constrained (smaller) model. Yellow shaded cells highlight instances where we can reject the smaller model (the null) in favor of the larger model at the 10% significance level. VLLF is the value of the log-likelihood function. We report the persistence parameter as a fraction of , e.g. a value of one indicates that . Capital flows are labeled using the asset being bought or sold by international investors, e.g., F_EQ refers to gross transactions by Japanese investors in foreign equity and J_EQ refers to gross transactions by nonJapanese investors in Japanese equity. Bonds and Money-Market are abbreviated as BND and MM, respectively. -675.816 -669.573 -667.975 -669.423 -675.259 -664.493 -672.271 -673.339 -667.977 -667.699 -668.106 -675.249 -663.865 -672 
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